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CaseNo.: DENSE-067B 

THIN SCALE OUTLINE PACKAGE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This is a continuation-in-part of Application No. 10/310,368, filed 
12/05/02. 

STATEMENT RE: FEDERALLY SPONSORED RESEARCH/DEVELOPMENT 
[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates generally to vertically stacking and 
electrically connecting respective leads of upper and lower semiconductor dies. 
Additionally, the present invention relates to electrically connecting at least two leads 
of the same semiconductor dies. 

[0004] In the field of electronics, a plurality of semiconductor dies are electrically 
connected to a printed circuit board. As time has progressed in the field of 
electronics, there has been an ever increasing need to increase the number of 
semiconductor dies that may be electrically connected to a printed circuit board yet 
maintaining or reducing the size of the printed circuit board to which the 
semiconductor dies are attached. Increasing the number of semiconductor dies on a 
printed circuit board is driven by the demands of consumers wanting smaller yet more 
powerful electronic devices. To this end, multiple techniques have been employed to 
vertically stack and electrically connect semiconductor dies to reduce the footprint 
required to electrically connect the semiconductor dies to a printed circuit board. The 
present invention provides another technique of vertically stacking and electrically 
connecting at least two semiconductor dies. 
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BRIEF SUMMARY OF THE INVENTION 

[0005] In an embodiment of the present invention, a semiconductor die stack is 
provided which includes at least two semiconductor dies vertically stacked upon one 
another. Each semiconductor die defines opposed top and bottom surfaces and 
opposed pairs of longitudinal and lateral side surfaces. Additionally, leads extend out 
from at least one of the side surfaces of each of the semiconductor dies. The leads 
define first end portions, middle portions, second end portions, first junctions and 
second junctions. The second junctions of the leads of the upper semiconductor die 
are electrically connected to respective ones of the first junctions of the leads of the 
lower semiconductor die. The first and second junctions of the leads of the upper and 
lower semiconductor dies are bent in opposing directions. 

[0006] In relation to the connection between respective leads of the upper and 
lower semiconductor dies, the middle portions of the leads of the upper semiconductor 
die may be electrically connected to respective ones of the first junctions of the leads 
of the lower semiconductor die. Bend radii, bend distances and bend angles of the 
first junctions of the leads of the upper and lower semiconductor dies may be equal to 
each other. The second junctions of the leads of the upper semiconductor die may 
have a flared ski tip configuration. 

[0007] Alternatively, in relation to the connection between respective leads of the 
upper and lower semiconductor dies, the first junctions of the leads of the upper 
semiconductor die may be electrically connected to respective ones of the middle 
portions of the leads of the lower semiconductor die. Bend distances of the first 
junctions of the leads of the upper semiconductor die may be greater than the bend 
distances of the first junctions of the leads of the lower semiconductor die. The 
difference between the bend distances of the first junctions of the leads of the upper 
and lower semiconductor dies may be at least a width of the leads of the lower 
semiconductor die. The second junctions of the leads of the upper semiconductor die 
may have a flared ski tip configuration. 

[0008] In another alternative in relation to the connection between respective 
leads of the upper and lower semiconductor dies, the middle portions of the leads of 



the upper semiconductor die are electrically connected to respective ones of the 
middle portions of the leads of the lower semiconductor die. 

[0009] The leads of the same semiconductor die may be electrically connected to 
each other to create a chip select function which allows each die within the die stack 
to be independently addressed. For example, a lead of the upper semiconductor die is 
trimmed such that the lead does not physically contact the lead of the lower 
semiconductor die. The upper semiconductor die is activated (i.e., turned on) when an 
electrical signal is present in the lead. The lead of the lower semiconductor die is not 
trimmed. An electrical signal is sent through the leads of an adjacent lead which is 
electrically communicated to the lead of the upper semiconductor die thereby 
activating the upper semiconductor die. In this regard, the upper semiconductor die 
may be independently addressed. 

[0010] The following discussion will discuss the electrical connection between 
leads of the same semiconductor die. The semiconductor die stack may further 
comprise at least one narrow jumper strip electrically connected to adjacent leads of at 
least one of the semiconductor dies. The narrow jumper strip may be electrically 
connected to the middle portions of the adjacent leads. The narrow jumper strip may 
have a cross sectional area along its length equal to or greater than a cross sectional 
area along the height of the leads to which the narrow jumper strips are attached. The 
narrow jumper strip may be fabricated from the same material as the leads of the 
semiconductor die. 

[0011] The semiconductor die stack may further comprise at least one wide 
jumper strip electrically connected to at least two leads of at least one of the 
semiconductor dies. At least one interposed lead may be disposed between two of the 
leads that are electrically connected to each other. The wide jumper strip may have a 
C shaped configuration. The wide jumper strip may be electrically connected to the 
middle portions of the leads. The wide jumper strip may have a cross sectional area 
along its length at least a cross sectional area along a height of the leads to which the 
wide jumper strip is attached. The wide jumper strip may be fabricated from the same 
material as the leads of the semiconductor die. 



[0012] In another embodiment of the present invention, a method of vertically 
stacking a plurality of semiconductor dies is provided which includes the following 
steps. Step a) of providing a semiconductor die with leads extending from side 
surfaces of the semiconductor die. Step b) of electrically connecting at least two leads 
of the semiconductor die. Step c) of stacking another semiconductor die on top of the 
semiconductor die so as to electrically connect leads of the upper semiconductor die 
to respective ones of the leads of the lower semiconductor die. Step d) of electrically 
connecting at least two leads of the top semiconductor die. And, Step e) of repeating 
steps c) and d) at least once. 

[0013] Steps b) and d) of the above described method of electrically connecting at 
least two leads of the semiconductor die may be accomplished with narrow jumper 
strips. Additionally, steps b) and d) of the above described method of electrically 
connecting at least two leads of the semiconductor die may be accomplished with 
wide jumper strips. Furthermore, steps b) and d) of the above described method of 
electrically connecting at least two leads of the semiconductor die are accomplished 
with jumper plates. Lastly, steps b) and d) of the above described method of 
electrically connecting at least two leads of the semiconductor die are accomplished 
with a guide(s). 

[0014] The method of vertically stacking and electrically connecting respective 
leads of the upper and lower semiconductor dies may further comprise step f) of 
maintaining a clamping force on the stacked semiconductor dies. 
[0015] Step c) may further comprise the steps of step i) of aligning second 
junctions of the leads of the upper semiconductor die with respective ones of the first 
junctions of the leads of the lower semiconductor die and step ii) of applying a 
clamping force on the stacked semiconductor dies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] These, as well as other features of the present invention, will become more 
apparent upon reference to the drawings wherein: 

[0017] Figure 1 is a perspective view of two vertically stacked semiconductor dies 
with a jumper plate to be placed on top of the stacked semiconductor dies; 
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[0018] Figure 2 is a perspective view of two vertically stacked semiconductor dies 

with a jumper plate placed on top of the stacked semiconductor dies; 

[0019] Figure 3 is a side view of three vertically stacked semiconductor dies with 

a jumper plate placed on top of the stacked semiconductor dies; 

[0020] Figure 4 is an exploded view of three vertically stacked semiconductor 

dies with a jumper plate; 

[0021] Figure 5 A is a front view of a jumper plate; 
[0022] Figure 5B is a top view of the jumper plate of Fig. 5 A; 
[0023] Figure 6A is a top view of a wide jumper strip; 
[0024] Figure 6B is a top view of a narrow jumper strip; 

[0025] Figure 7 is a perspective view of two semiconductor dies and four guides; 
[0026] Figure 8A, 8B and 8C are a side view, front view and top view of the guide 
and a plurality of wide jumper strips, respectively; and 

[0027] Figure 9A and 9B are a front view and top view of the plurality of wide 
jumper strips. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] In this description, the various features of the present invention will be 
described in relation to generic semiconductor dies 10. By way of example and not 
limitation, the semiconductor die 10 may be a thinned and background bare die, a chip 
scale package (CSP) device, and/or a thin scale outline package (TSOP). In this 
regard, the application of the features of the present invention is not limited by the 
type of semiconductor die 10 or die package within the scope and spirit of the present 
invention. 

[0029] Referring now to the drawings, the same are used to illustrate the preferred 
embodiments of the present invention and not for limiting the present invention. The 
drawings are oriented with a X-Y-Z coordinate system. The Z axis will be referred to 
as the vertical axis. The positive and negative Z-direction being referred to as the 
upward and downward side of the vertical axis, respectively. The X-Y plane will be 
referred to as the horizontal plane. The positive and negative X direction will be 



referred to as the front and back side, respectively. The positive and negative Y 
direction will be referred to as the right and left side, respectively. 
[0030] Fig. 1 depicts two vertically stacked and electrically connected 
semiconductor dies 10; whereas, Fig. 3 depicts three vertically stacked and electrically 
connected semiconductor dies 10. In this regard, the present invention is not limited 
by the number of semiconductor dies 10 to be vertically stacked and electrically 
connected to each other. In other words, the present invention may be applied to a 
semiconductor die stack 12 having two or more semiconductor dies 10. 
[0031] In Fig. 3, three semiconductor dies 10 are vertically stacked upon and 
electrically connected to each other. Each semiconductor die 10 defines opposed top 
and bottom surfaces 14, 16, a pair of opposed longitudinal side surfaces 18 (see Figs. 
1 and 3) and a pair of opposed lateral side surfaces 20 (see Fig. 1). The top and 
bottom surfaces 14, 16 of the semiconductor die 10 define a semiconductor die 
footprint 22, as shown in Fig. 1. The die footprint 22 is the area enclosed by the pair 
of longitudinal and lateral side surfaces 18, 20. Each semiconductor die 10 has a die 
circuit (not shown). 

[0032] The top and bottom surfaces 14, 16 of the semiconductor dies 10 that are 
vertically stacked upon each other are centrally aligned with each other. In particular, 
the top and bottom surfaces 14, 16 of the semiconductor dies 10 generally have a 
rectangular configuration. The surface area center 24 of the top surfaces 14 of the 
semiconductor dies 10 are vertically aligned with each other. Preferably, the top 
surfaces 14 of the upper semiconductor die(s) 10 are the same size as the top surfaces 
14 of the lower semiconductor die(s) 10. 

[0033] Leads 26 are physically attached to each semiconductor die 10. More 
particularly, the leads 26 are electrically connected to the die circuit of the 
semiconductor die 10. In Figs. 1-4 and 7, the leads 26 are attached to the pair of 
longitudinal side surfaces 18 and are connected to the die circuit through the pair of 
longitudinal side surfaces 18. In other words, the leads 26 extend out from both 
longitudinal side surfaces 18 of each semiconductor die 10. 

[0034] The leads 26 of each semiconductor die 10 may extend out from various 
side surfaces 18, 20 of the semiconductor dies 10. The leads 26 may extend out from 
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the pair of the lateral side surfaces 20 of each semiconductor die 10. Preferably, the 
leads 26 extend out from the pair of longitudinal side surfaces 18 of each 
semiconductor die 10. 

[0035] Additionally, the leads 26 extend out from the same side surfaces 18, 20 as 
the other semiconductor dies 10 within the semiconductor die stack 12. For example, 
as shown in Figs. 1 and 3, the leads 26 of the lowest semiconductor die 10 extend out 
from both longitudinal side surfaces 18, and the leads 26 of each upper semiconductor 
die(s) 10 extend out from both longitudinal side surfaces 18. 

[0036] Each lead 26 has a rectangular cross section along a height 28 of the lead 
26, as shown in Fig. 4. Each lead defines a length 30 and width 32, as shown in Fig. 
2. Referring now to Fig. 4, each lead 26 defines a first end portion 34, a middle 
portion 36 and a second end portion 38. A first junction 40 is defined at the 
intersection of the first end portion 34 and the middle portion 36 of each lead 26. The 
first junction 40 defines a first junction bend radius 42. The distance from the center 
42 of the first junction bend radius 42 to the side surface 18 from which the lead 
extends out from define a first junction bend distance 46. The first end portion 34 and 
the middle portion 36 define a first junction bend angle 48. A second junction 50 is 
defined at the intersection of the middle portion 36 and the second end portion 38. 
The second junction 50 defines a second junction bend radius 52. The distance from 
the center 54 of the second junction bend radius 52 to the side surface 18 from which 
the lead 26 extends out from define a second junction bend distance 56. The middle 
portion 36 and the second end portion 38 define a second junction bend angle 58. The 
second end portions 38 of the leads 26 defines a bottom surface 59 (see Fig. 3). 
[0037] As shown in Fig. 4, the leads 26 collectively of each semiconductor die 10 
define an inner width 60 and an outer width 62. The inner width 60 is the distances 
from the inner surfaces of the leads 26 extending out from one of the side surfaces 18 
of the upper semiconductor die 10 to the inner surfaces of the leads 26 extending out 
from the opposed side surface 18 of the same semiconductor die 10. The outer width 
60 is the distances from the outer surfaces of the leads 26 extending out from one of 
the side surfaces 18 of the lower semiconductor die 10 to the outer surfaces of the 
leads 26 of the same semiconductor die 10. 



[0038] The leads 26 are fabricated from conductive material such as copper. The 
leads 26 are fabricated from material that is malleable but yet resilient. In particular, 
the leads 26 are capable of being formed. However, once formed into its original 
shape, the leads 26 elastically deform when a force is applied to the leads 26 and 
return to its original shape when the force is removed from the leads 26. 
[0039] In Figs. 3 and 4, the first end portions 34 of the leads 26 extend out 
substantially perpendicular to the longitudinal side surfaces 18 and substantially 
parallel to the opposed top and bottom surfaces 14, 16 of the semiconductor die 10. 
The leads 26 extend out substantially perpendicular to the longitudinal side surfaces 
18 and substantially parallel to the opposed top and bottom surfaces 14, 16 of the 
semiconductor die 10 as long as the first junctions 34 of the leads 26 are outside the 
footprint 22 of the semiconductor die 10. 

[0040] The first junctions 40 of the leads 26 of the semiconductor die 10 are bent 
so as to direct the middle portions 36 of the leads 26 downward. In relation to the 
leads 26 of the upper semiconductor die(s) 10, the first junctions 40 are bent so as to 
direct the middle portions 36 of the leads 26 toward respective ones of the leads 26 of 
the lower semiconductor die 10. The first junction bend angles 48 of the leads 26 are 
constant within each of the semiconductor dies 10. The first junction bend angles 48 
of the leads 26 between the upper and lower semiconductor dies 10 may be the same. 
Alternatively, the first junction bend angles 48 of the leads 26 between the upper and 
lower semiconductor dies 10 may be different. For example, the first junction bend 
angle 48 of the leads 26 of the lowest semiconductor die 10 may be 90 degrees; 
whereas, the first junction bend angles 48 of the leads 26 of the upper semiconductor 
die(s) 10 may be less than 90 degrees. Preferably, the first junction bend angles 48 of 
the leads 26 of the upper and lower semiconductor dies 10 are approximately 90 
degrees. 

[0041] The first junction bend distances 46 of the leads 26 within each 
semiconductor die 10 may be the same; whereas, the first junction bend distances 46 
of the leads 26 of each subsequent upper semiconductor die 10 may be different. For 
example, the first junction bend distances 46 of the leads 26 of each subsequent upper 
semiconductor die 10 are greater than the first junction bend distances 46 of the leads 



26 of its respective lower semiconductor die 10 by the width 32 of the leads of the 
lower semiconductor die 10. Alternatively and preferably, the first junction bend 
distances 46 of the leads 26 of all the semiconductor dies 10 within the semiconductor 
die stack 12 are the same. 

[0042] The first junction bend radius 42 of the leads within each semiconductor 
die 10 may be the same; whereas, the first junction bend radius 42 of the leads 26 of 
each subsequent upper semiconductor die 10 may be different. Alternatively, the first 
junction bend radius 42 of the leads 26 of all the semiconductor dies 10 within the 
semiconductor die stack 12 may be the same. 

[0043] Generally, the second junctions 50 of the leads 26 of the semiconductor die 
10 are bent so as to direct the second end portions 38 of the leads 26 away from the 
semiconductor die 10. The second junction bend is counter to the first junction bend. 
In other words, if the second junction 50 is bent in a clockwise direction, then the first 
junction 40 is bent in a counter-clockwise direction. In relation to the lowest 
semiconductor die 10, in Fig. 4, the second end portions 38 of the leads 26 of the 
lowest semiconductor die 10 are substantially parallel to the top and bottom surfaces 
14, 16 of the semiconductor die 10. The second end portions 38 of the leads 26 of the 
lowest semiconductor die 10 are below the bottom surface 16 of the lowest 
semiconductor die 10. The second end portions 38 of the leads 26 of the lowest 
semiconductor die 10 are substantially parallel to the top and bottom surfaces 14, 16 
of the semiconductor die 10 as long as the second end portions 38 may be electrically 
connected to the overall electric circuit. Preferably, the bottom surfaces 59 of the 
second end portions 38 reside in a common horizontal plane. 

[0044] In relation to the upper semiconductor die(s) 10, the second junctions 50 of 
the leads 26 are bent such that the second end portions 38 of the leads 26 of the upper 
semiconductor dies 10 are bent away from the semiconductor die 10. The second end 
portions 38 of the leads 26 of the upper semiconductor die 10 may be shorter than the 
second end portions 38 of the leads 26 of the lowest semiconductor die 10. The 
second end portions 38 of the leads 26 of the upper semiconductor die 10 are below 
the bottom surface 16 of the same semiconductor die 10. Preferably, the bend angles 
58 of the second junctions 50 of the leads 26 of the upper semiconductor die 10 are 
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approximately 135 degrees. The second junctions 50 and the second end portions 38 
of the leads 26 of the upper semiconductor die 10 form a ski tip configuration. 
[0045] The bend radii 42, bend angles 48 and bend distances 46 of the first 
junctions 40 of the leads 26 of the upper semiconductor die 10 are set such that the 
second junctions 50 of the same leads 26 are positioned over the first junctions 40 of 
the leads 26 of the lower semiconductor die 10. Additionally, the inner widths 60 of 
the leads 26 of the upper semiconductor die 10 are set to be less than the outer widths 
62 of the leads 26 of the lower semiconductor die 10. Initially, the second junctions 
50 of the leads 26 of the upper semiconductor die 10 will merely touch the first 
junctions 40 of the leads 26 of the lower semiconductor die 10. Subsequently, the 
upper semiconductor die 10 will be pressed onto the lower semiconductor die 10. 
Since the first junctions 40 and the second junctions 50 are bent opposite to each 
other, the second junctions 50 of the leads 26 of the upper semiconductor die 10 will 
expand such that the inner width 60 of the leads 26 of the upper semiconductor die 1 0 
equals the outer width 62 of the leads 26 of the lower semiconductor die 10. In other 
words, the leads 26 of the upper semiconductor die 10 will slide over the outside of 
the leads 26 of the lower semiconductor die 10. The leads 26 of the upper 
semiconductor die 10 creates pressure on the leads 26 of the lower semiconductor die 
10. The leads 26 of the upper semiconductor die 10 are press fit onto the leads 26 of 
the lower semiconductor die 10. The press fit ensures that every lead 26 of the upper 
semiconductor die 10 is in physical contact (excluding the trimmed leads) to 
respective one of the leads 26 of the lower semiconductor die 10. The leads 26 of the 
upper semiconductor die 10 are preferably centrally aligned along its length 30 with 
respective ones of the leads 26 of the lower semiconductor die 10. 
[0046] The leads 26 of the upper semiconductor die 10 may be set such that leads 
26 of the upper semiconductor die 10 engages the leads 26 of the lower semiconductor 
die 10. In other words, once the upper semiconductor die 10 is vertically stacked and 
pressed onto the lower semiconductor die 10, the upper and lower semiconductor dies 
10 will separate only if there is an external force applied to the stacked semiconductor 
dies 10. Vibrational forces outside of the stacked semiconductor dies 10 are an 
example of the external force. 
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[0047] As discussed above, the leads 26 of the upper semiconductor die 10 is 
press fit onto the leads 26 of the lower semiconductor die 10. Due to the press fit, the 
leads 26 of the lower semiconductor die 10 may produce a force directed upward onto 
the leads 26 of the upper semiconductor die 10 thereby tending to push the upper 
semiconductor die 10 off the lower semiconductor die 10. To counteract these 
upward forces, the middle portions 36 of the leads 26 of the upper semiconductor die 
10 may be lengthened such that the middle portions 38 of the leads 26 of the upper 
semiconductor die 10 contacts respective first junctions 40 of the leads 26 of the lower 
semiconductor die 10. In this regard, the contact between the leads 26 of the upper 
and lower semiconductor dies 10 produces frictional forces applied to the leads 26 of 
the upper semiconductor die 10 which have a vertical component equal in magnitude 
but opposite in direction to the upward force of the leads 26 of the lower 
semiconductor die 10. Hence, the upper and lower semiconductor dies 10 are in static 
relationship. 

[0048] Alternatively, the first junction bend distances 46 of the leads 26 of the 
upper semiconductor die 10 may be set to be greater than the first junction bend 
distances 46 of the leads 26 of the lower semiconductor die 10. This allows the first 
junction bend angles 48 and the length of the middle portions 36 of the leads of the 
upper semiconductor die 10 to be set such that the second junctions 50 of the leads 26 
of the upper semiconductor die 10 contact the middle portions 36 of the leads 26 of 
the lower semiconductor die 10. This contact is illustrated by the leads of the bottom 
two stacked semiconductor dies of Fig. 3. In this configuration, when the upper 
semiconductor die 10 is vertically stacked upon and pressed onto the lower 
semiconductor die 10, the leads 26 of the upper semiconductor die 10 produce a 
clamping force. In particular, the leads 26 that extend from one of the side surfaces 
18 of the upper semiconductor die 10 produces a force which is equal in magnitude 
but opposite in direction to a force produced by the leads 26 that extend from the 
opposed side surface 18 of the upper semiconductor die 10. 

[0049] The lengths of the middle portions 36 of the leads 26 of the upper 
semiconductor die 10 may be set such that the leads 26 of the upper semiconductor 
die 10 will press against but not engage the leads 26 of the lower semiconductor die 
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10. In particular, the lengths of the middle portions 36 of the leads 26 of the upper 
semiconductor die 10 are set such that the second junctions 50 of the leads 26 of the 
upper semiconductor die 10 contacts but does not engage the first junctions 40 of the 
leads 26 of the lower semiconductor die 10 when the upper semiconductor die 10 is 
vertically stacked and pressed upon the lower semiconductor die 10. This is 
illustrated by the leads 26 of the top two semiconductor dies 10 of Fig. 3. An 
additional pressure is applied to the lower and upper semiconductor dies 10 to hold 
them together while respective leads 26 of the upper and lower semiconductor dies 10 
are permanently attached to each other. 

[0050] The leads 26 of the upper semiconductor die 10 are permanently attached 
to the leads 26 of the lower semiconductor die 10. The leads 26 of the upper and 
lower semiconductor dies 10 may be welded together. Alternatively, curable 
conductive material may be placed over respective leads 26 of the upper and lower 
semiconductor die 10, then cured. The use of solder dip is another methodology for 
creating the electrical connection of the TSOP leads. The use of weld and curable 
conductive material are examples and not limitations of the various method to attach 
respective leads 26 of the upper and lower semiconductor dies 10 within the spirit and 
scope of the present invention. 

[0051] The semiconductor die stack 12 may further comprise a jumper plate 70, as 
shown in Figs. 1 and 2. The jumper plate 70 electrically connects at least two leads 
26 of the same semiconductor die 10. Preferably, the jumper plate 70 is fabricated 
from the same material as the leads 26 of the top semiconductor die 10. 
[0052] The jumper plate 70 has an inverted U configuration when viewed from its 
side view (i.e., Y-axis). The side view of the jumper plate 70 is illustrated in Figs. 3 
and 4. The jumper plate 70 defines a first leg portion 72 opposed to a second leg 
portion 74 and a body portion 76. The body portion 76 defines opposed top and 
bottom surfaces 78, 80 (see Fig. 4). The body portion 76 defines a pair of opposed 
longitudinal edges 82 and a pair of opposed lateral edges 84 (see Fig. 2). The 
longitudinal edges 82 and lateral edges 84 collectively form a square configuration. 
Generally, the body portion 76 may expand over a greater surface area compared to 
the surface area of the top surface 14 of the top semiconductor die 10. The first and 



second leg portions 72, 74 may be attached to the pair of longitudinal edges 82. 
Optionally, a third and fourth leg portions (not shown) may be attached to the lateral 
edges 84. The first leg portion 72 is on the front side of the body portion 76, and the 
second leg portion 74 is on the back side of the body portion 76. The first and second 
leg portions 72, 74 may comprise a variety of types of legs such as holding legs 86, 
narrow jumper legs 88, wide jumper legs 90 and vertical regulator legs 92. Each type 
of leg 86, 88, 90, 92 will be discussed in turn. 

[0053] At least two holding legs 86 extend from the body portion 76 of the jumper 
plate 70. More particularly, at least one holding legs 86 is attached to each of the 
longitudinal edges 82 of the body portion 76. For example, as shown in Fig. 1, two 
holding legs 86 are attached to each longitudinal edge 82 of the body portion 76 of the 
jumper plate 70, and the holding legs 86 are located at the distal ends of the 
longitudinal edges 82. The holding leg 86 has a first end portion 94, middle portion 
96 and a second end portion 98, as shown in Fig. 4. The holding leg 86 defines first 
and second junctions 100, 102. The holding leg defines a length 104, as shown in Fig. 
1. The holding legs 86 have similar physical and functional characteristics compared 
to the leads 26 of the upper semiconductor die 10. A discussion of the differences 
shall be discussed. The first end portions 94 of the holding legs 86 extend 
horizontally from the body portion 76; whereas, the first end portions 34 of the leads 
26 of the upper semiconductor die 10 extend out from the semiconductor die 10. The 
holding legs 86 are configured such that the holding legs 86 engage leads 26 of the top 
semiconductor die 10; whereas, the leads 26 of the upper semiconductor die 10 may 
be configured to engage or merely press against the leads 26 of the lower 
semiconductor die 10. The holding legs 86 has a length 104 which may span one or 
more adjacent leads 26 of the semiconductor die 10. 

[0054] Preferably, the holding legs 86 are attached to the body portion 76 of the 
jumper plate 70 directly opposite from each other. More preferably, the holding legs 
70 are attached to the body portion 76 at the four corners of the body portion 76 on the 
longitudinal edges 82. In this regard, the holding legs 86 attached to the longitudinal 
edges 82 produce a clamping force so as to retain the jumper plate 70 onto the top 
semiconductor die 10. In other words, the jumper plate 70 is held in static 
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relationship with the upper semiconductor die 10 because of the forces exerted by the 
holding legs 86. 

[0055] At least one narrow jumper leg 88 or at least one wide jumper leg 90 is 
attached to the body portion 76 of the jumper plate 70. Referring to Fig. 1, the narrow 
jumper leg 88 defines a first end portion 106, middle portion 108 and a narrow jumper 
strip portion 110, and the wide jumper leg 90 defines a first end portion 112, middle 
portion 1 14 and a wide jumper strip portion 116. 

[0056] The first end portions 106, 112 of the narrow and wide jumper legs 88, 90 
extend horizontally from the body portion 76 of the jumper plate 70. The middle 
portions 108, 1 14 of the narrow and wide jumper legs 88, 90 are physically attached 
to the first end portions 106, 112 of the narrow and wide jumper legs 88, 90, 
respectively. The intersections at the first end portions 106, 112 and the middle 
portions 108, 114 of the narrow and wide jumper legs 88, 90 define first junctions 
118, 120 of the narrow and wide jumper legs 88, 90, respectively. The first junctions 
118, 120 have the same characteristics as the first junctions 100 of the holding legs 
86. 

[0057] The middle portions 108, 114 of the narrow and wide jumper legs 88, 90 
are directed downward and are adjacent the top semiconductor die 10. The middle 
portions 108 of the narrow jumper legs may have an aperture 122a, and the middle 
portions 114 of the wide jumper legs 90 may have an aperture 122b. By way of 
example, the aperture may have a circular, rectangular, triangular or trapezoidal shape. 
Preferably, the aperture 122a formed on the narrow jumper leg 88 has a triangular 
shape with an apex of the triangular shape aperture 122a directed in the upward 
direction, and the aperture 122b formed on the wide jumper leg 90 has a trapezoid 
shape. Preferably, the aperture 122b formed on the wide jumper leg 90 has a 
trapezoidal shape with the base of the trapezoid directed toward the bottom of the 
wide jumper leg90. The aperture 122a, 122b is formed by two posts 124, the jumper 
strip portion 1 10, 1 16 and the remainder of the middle portion 108, 1 14. 
[0058] The middle portion 108 of the narrow jumper leg 88 is attached to the 
narrow jumper strip portion 1 10, and the middle portion 1 14 of the wide jumper leg 
90 is attached to the wide jumper strip portion 116. Referring now to Figs. 6A and 
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6B, the same illustrates the top view of the semiconductor die stack 12 with the body 
portion 76 of the jumper plate 70 removed from the wide and narrow jumper strip 
portion 1 16, 1 10. Each of the narrow and wide jumper strip portions 1 10, 1 16 defines 
a length 126, two contact surfaces 128 and an inner side 130. The inner sides 130 of 
the narrow and wide jumper strip portions 110, 116 are the sides closest to the 
semiconductor die 10 when the jumper plate 70 is placed on the top semiconductor die 
10. 

[0059] The two contact surfaces 128 of the narrow and wide jumper strip portions 
110, 116 are preferably flat. Additionally, the contact surfaces 128 cover the length 
30 of the leads 26 of the top semiconductor die 10. The two contact surfaces 128 are 
located at the distal ends of the narrow and wide jumper strip portions 1 10, 1 16. The 
contact surfaces 128 are located on the inner side 130 of the narrow and wide jumper 
strip portions 1 10, 1 16. The two contact surfaces 128 are located in the same plane. 
[0060] The narrow and wide jumper legs 88, 90 define a bend radius 132, bend 
distance 134 and bend angle 136, as shown in Fig. 4. The bend distance 134 is 
measured from the center of the bend radius 132 to the side surface 18, 20 of the 
semiconductor die 10. The bend angle 136 is defined by the angle at which the first 
end portion 106, 1 12 and the middle portion 108, 1 14 of the narrow and wide jumper 
legs 88, 90 are set. 

[0061] The length 126 of the narrow jumper strip portion 110 is equal to the 
distance of two adjacent leads 26 of the top semiconductor die 10. The bend radius 
132, bend distance 134 and bend angle 136 of the narrow jumper leg 88 is set such the 
two contact surfaces 128 of the narrow jumper strip portion 110 are aligned with 
respective adjacent leads 26 of the top semiconductor die 10 and flush with middle 
portions 36 of respective adjacent leads 26 of the top semiconductor die 10. For 
example, the bend distance 134 of the narrow jumper leg 88 may be greater than the 
bend distance 46 of the first junction 40 of the lead 26 of the top semiconductor die 10 
by the width 32 of the lead 26 of the top semiconductor die 10. The contact surfaces 
128 of the narrow jumper strip portion 110 are attached to respective adjacent leads 26 
of the top semiconductor die 10. By way of example and not limitation, the narrow 
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jumper strip portion 110 may be attached to the leads 26 through welding or a 
conductive material 

[0062] The wide jumper strip portion 1 16 has a C configuration, as shown in Fig. 
6A. The length 126 of the wide jumper strip portion 116 is equal to at least two 
adjacent leads 26 of the top semiconductor die 10. The wide jumper strip portion 1 16 
electrically connects leads 26a, 26b interposed with at least one lead 26c. As shown 
in Fig. 6A, lead 26a and lead 26b are interposed with lead 26c. Leads 26a and lead 
26b are electrically connected to each other through the wide jumper strip portion 116 
but lead 26c is not electrically connected to leads 26a or 26b. The C configuration of 
the wide jumper strip portion 116 avoids contact between the interposed lead 26c and 
the wide jumper strip portion 116. Preferably, but optionally, dispensable dielectric 
may be placed between the wide jumper strip portion 116 and the interposed lead(s) 
26c to further ensure that the wide jumper strip portion 116 does not electrically 
connect to the interposed lead 26c. 

[0063] The bend radius 132, bend distance 134 and bend angle 136 of the wide 
jumper leg 90 are configured such that the two contact surfaces 128 of the wide 
jumper strip portion 1 16 are aligned with respective leads 26 of the top semiconductor 
die 10 and flush with the middle portions 36 of respective leads 26 of the top 
semiconductor die 10. For example, the bend distance 134 of the wide jumper leg 90 
may be greater than the bend distance 46 of the first junction 40 of the lead 26 of the 
top semiconductor die 10 by the width 32 of the lead 26 of the top semiconductor die 
10. The contact surfaces 128 of the wide jumper strip portion 116 are attached to 
respective leads 26 of the top semiconductor die 10. By way of example and not 
limitation, the wide jumper strip portion 116 may be attached to the leads 26 through 
welding or a conductive material. 

[0064] The narrow and wide jumper strip portions 110, 116 may be removed from 
the narrow and wide jumper legs 88, 90, respectively, by cutting the two posts 124, as 
shown in Fig. 5 A. Typically, the narrow and wide jumper strip portions 110, 1 16 are 
removed from the narrow and wide jumper legs 88, 90, respectively, after the narrow 
and wide jumper strip portions 1 10, 116 have been attached to the leads 26 of the top 
semiconductor die 10. 
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[0065] The cross sectional area along the length 126 of the narrow and wide 
jumper strip portions 110, 116 are preferably the same as the cross sectional area 
along the height 28 of the leads 26 to which the narrow and wide jumper strip portions 
1 10, 1 16 are attached. In this regard, the narrow and wide jumper strip portions 1 10, 
1 16 do not impede the electrical signal that may proceed through the narrow and wide 
jumper strip portions 1 10, 1 16. 

[0066] Additionally, at least one vertical regulator leg 92 is attached to one of the 
edges 82, 84 of the body portion 76 of the jumper plate 70, and at least two vertical 
regulator legs 92 are attached to the other opposed edge 82, 84 of the body portion 76 
of the jumper plate 70. As shown in Fig. 4, the vertical regulator leg 92 defines a first 
end portion 138 and a second end portion 140. The intersection of the first and 
second end portions 138, 140 define a junction 142. The junction 142 has a bend 
angle 144. The bend angle 144 is defined by the first and second end portions 138, 
140. The junction 142 has a bend radius 146. The distance from the center of the 
bend radius 146 to the respective side surface 18, 20 of the top semiconductor die 10 
defines a bend distance 148. The first end portion 138 is attached to the body portion 
76. The first end portion 138 extends from the body portion 76 in the horizontal 
plane. 

[0067] The junction 142 is bent such that the second end portion 140 is directed 
downward toward the leads 26 of the top semiconductor die 10 and adjacent the side 
surfaces 18, 20 of the top semiconductor die 10. The bend distance 148 of the 
junction 142 of the vertical regulator leg 92 is set such that the distal edges of the 
second end portions 140 of the vertical regulator leg 92 touches the first end portions 
34 of the leads 26 of the top semiconductor die 10 when the jumper plate 70 is placed 
over the top semiconductor die 10. The distal edges of the second end portions 140 of 
all the vertical regulator legs 92 are located in the same horizontal plane which is 
additionally parallel to the top surface 78 of the body portion 76 of the jumper plate 
70. Additionally, the plane in which the distal edges of the second end portions 140 
of all the vertical regulator legs 92 are located is parallel to the narrow and wide 
jumper strip portions 110, 116. The minimum width 150 of the vertical regulator leg 
92 is the width 30 of one lead 26 of the top semiconductor die 10. Preferably, the 
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width 150 of the vertical regulator leg 92 spans at least two adjacent leads 26 of the 
top semiconductor die 10. The vertical regulator leg 92 fixes the distance between the 
top semiconductor die 10 and the jumper plate 70. 

[0068] The jumper plate 70 may electrically connect leads 26 of the same 
semiconductor die 10 within the die stack 12. The jumper plate 70 may be placed on 
top of the lowest semiconductor die 10 before the upper semiconductor dies 10 are 
vertically stacked thereon. The jumper plate 70 will attach appropriate narrow or 
wide jumper strip portions 110, 116 onto the leads 26 of the lowest semiconductor die 
10. The jumper plate 70 except for the narrow and/or wide jumper strips portions 
110, 116 are removed from the semiconductor die stack 12 before any additional 
devices can be stacked. Thereafter, an upper semiconductor die 10 is placed on the 
top of the lowest semiconductor die 10. A jumper plate 70 may be placed on the 
upper semiconductor die 10 to electrically connect the leads 26 of the upper 
semiconductor die 10. The process may be repeated for all of the semiconductor dies 
10 within the die stack 12. 

[0069] The leads 26 of the same semiconductor die 10 are electrically connected 
to each other to create a chip select function wherein each die 10 within the 
semiconductor die stack 12 may be independently addressed (i.e., turned on or off). 
In particular, Fig. 1 illustrates an upper semiconductor die 10 wherein the jumper 
plate 70 has not been attached thereto. Leads 26a and 26b of the upper semiconductor 
die 10 will be electrically connected to each other through the wide jumper strip 
portion 1 16a. Lead 26a has been trimmed such that the same 26a does not physically 
contact lead 26c which is immediately below lead 26a. In contrast, lead 26b does 
physically contact lead 26d which is immediately below lead 26b. Lead 26a activates 
the upper semiconductor die 10 when an electrical signal is present. Figure 2 
illustrates the jumper plate 70 attached to the upper semiconductor die 12 wherein the 
wide jumper strip portion 1 16a electrically connects leads 26a and 26b. The jumper 
strip portion 1 16a is severed from the jumper plate 70 at posts 124a and 124b. In this 
regard, a chip select function is created in that the upper semiconductor die 10 may be 
addressed or independently turned on by sending an electrical signal through lead 26d 
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which travels through lead 26b to wide jumper strip portion 116a to present an 
electrical signal to lead 26a thereby activating the upper semiconductor die. 
[0070] Alternatively, referring now to Figure 7, a guide 160 filled with a plurality 
of narrow or wide jumper strip portions 110, 116 may place the narrow or wide 
jumper strip portions 110, 1 16 in fixed relationship with respective leads 26 of the top 
semiconductor die 10. The guide 160 includes a cover 162 and a magazine 164. 
referring now to Figures 8A-8C, the magazine 164 defines a length 166, width 168, 
height 170, an inside surface 172 and an outside surface 174. The guide 160 has a 
gripping portion 176 and a push portion 178. 

[0071] The outside surface 174 of the magazine 164 is three flat surfaces. Two of 
the flat surfaces 174a, 174c are parallel to each other and perpendicular to the 
remaining surface 174b. The inside surface 172 has a first configuration for the 
narrow jumper strip portion 110 and a second configuration for the wide jumper strip 
portion 116. 

[0072] The cover 162 defines a length 180, width 182 and height 184. The cover 
162 is flat rectangular plate. The cover 162 is sized to substantially match the overall 
area of the inside surface 172 of the magazine 164. In this regard, the length 180 and 
height 184 of the cover will match the length 166 of the magazine and the height 186 
of the gripping portion 176. The gripping portion 176 of the guide 160 is defined 
when the cover 162 and the magazine 164 are attached to each other. The gripping 
portion 176 may be configured to receive an arm from an automatic pick and place 
machinery. 

[0073] The distal end of the magazine 164 opposed to the gripping portion 176 
defines the push portion 178. The push portion 178 is center in relation to the inside 
surface 172 of the magazine 164 along the length 166 of the inside surface 172. In 
this regard, when the narrow or wide jumper strip portions 110, 116 are inserted 
therein, the push portion 178 will provide support on the center of the narrow or wide 
jumper strip portions 110, 116. 

[0074] A discussion of the first configuration of the inside surface 172 of the 
magazine 164 will be followed by a discussion of the second configuration of the 
inside surface 164 of the magazine. 
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[0075] The inside surface 172 of the first configuration has a channel shape (not 
shown). The channel defines a length and width. The length of the channel is 
approximately the length 126 of the narrow jumper strip portion 110. The width of 
the channel is approximately the width of the narrow jumper strip portion 1 10. The 
channel extends through the whole height 170 of the magazine 164. The length and 
width of the channel are sized such that the narrow jumper strip portions 110 has a 
friction fit when inserted therein. 

[0076] In relation to the wide jumper strip, as shown in Figs. 8A-8C, the inside 
surface 172 of the magazine forms a two step channel. The two side steps support the 
C configuration of the wide jumper strip portion 116. The wide channel 188 supports 
the two distal ends of the wide jumper strip portion 116, and the narrow channel 190 
supports the middle of the wide jumper strip portion 116. 

[0077] A plurality of narrow or wide jumper strip portions 110, 116 which are 
vertically stacked upon each other are inserted into the guide 160. Fig. 9A and 9B 
illustrates a plurality of wide jumper strip portions 116. A first distal end of the 
plurality of narrow or wide jumper strip portions 110, 116 extend past the gripping 
portion 176 to the push portion 178. Fig. 8B illustrates the wide jumper strip portions 
116 extending past the gripping portion 176 to the push portion 178. The push portion 
178 contacts the middle of the narrow or wide jumper strip portions 110, 116. The 
fixed arm grips the guide 160 at the gripping portion 176 and positions the narrow or 
wide jumper strip portion 110, 116 adjacent the leads 26 to be electrically connected. 
The narrow or wide jumper strips portions 1 10, 1 16 are welded to respective leads 26, 
then the welded narrow or wide jumper strip portion 110, 116 is broken or removed 
from the plurality of narrow or wide jumper strip portions 110, 116 remaining in the 
guide 160. 

[0078] Additional modifications and improvements of the present invention may 
also be apparent to those of ordinary skill in the art. Thus, the particular combination 
of parts and steps described and illustrated herein are intended to represent only one 
embodiment of the present invention, and are not intended to serve as limitations of 
alternative devices and methods within the spirit and scope of the invention. 



